The high mortality rate observed on the regular waiting list (RWL) before lung transplantation (LTx) prompted the French organ transplantation authorities to set up in 2007 a dedicated graft allocation strategy, the so-called 'high-emergency waiting list' (HEWL), for patients with an abrupt worsening of their respiratory function. This study reports on the early results of this new allocation system.
INTRODUCTION
Lung transplantation (LTx) is the standard treatment for end-stage respiratory diseases, but lung graft shortage is a real obstacle. In France, in 2006 for one lung graft available, 1.9% patients were potentially eligible. As a consequence, 7.3, 8.6 and 8.3% of patients died on the regular waiting list (RWL) in 2005, 2006 and 2007, respectively. This problem of lung graft shortage is recognized in all European institutions having a LTx programme and experiencing death on the RWL. For instance, death rate on the RWL in 2010 was 10% in UK, 11% in Italy and 5.2% in Belgium. Long waiting time and, consequently, death on the RWL is still a matter of concern and has led the French transplantation authorities to set up a dedicated emergency procedure, the so-called highemergency waiting list (HEWL) in 2007, giving priority after an external expertise, to selected patients registered on the RWL who present with acute respiratory failure. At the end of 2011, in France, the median time on the RWL was almost 4 months (range 3.4-4.1) [1] . However, high risks for postoperative mortality and organ wastage in this population are significant problems as described by some studies [2] [3] [4] . The aim of this multicentre study is to investigate the early results of this new allocation system and find potential risk factors of death.
MATERIALS AND METHODS

Criteria for the high-emergency waiting list
The HEWL offers national priority for critically ill patients who have very limited life expectancy if they do not receive LTx. To be listed in the HEWL, patients have to fulfil strict pharmacological, clinical and biological criteria established by the French Biomedicine Agency in 2007, as given in Table 1 . Patients requiring mechanical ventilation (MV) or extracorporeal membrane oxygenation (ECMO) are automatically listed on the HEWL. A request is sent to French transplantation authorities by mail or fax and evaluated by two different experts. National priority is valuable for 8 days with only one possible renewal. Unlimited derogation can be accorded in selected cases. Inclusion on the RWL for a minimum delay of 2 days is a mandatory prerequisite to be listed on the HEWL.
Patients
From 1 July 2007 to 31 December 2011, 1031 LTx were performed in France. Among 11 active French LTx programmes, 8 were able to provide full outcome data by 31 December 2011, but data from one of these reference centres were not included as it dealt specifically with heart-LTxs. During the study period, the seven centres participating in the study performed 684 LTxs, consisting of 66.3% of all procedures. One hundred and three patients were listed on the HEWL during this period in the seven centres. Among these 103 patients, 2 received heart-LTxs and were excluded from the present study. Medical records of the remaining 101 patients who were listed on the HEWL from July 2007 to December 2011 for double or single LTx were reviewed with an intention-to-treat analysis.
Design and studied variables
The Institutional Review Board (IRB) of the French Thoracic and Cardiovascular Surgery Society assessed the design of this study. Because of its retrospective nature, the IRB waived the need for patient consent. From a prospective database, we retrospectively reviewed the following parameters: age; gender; diagnosis; waiting time on the RWL; waiting time on the HEWL; MV; necessity of ECMO as bridge to LTx, during or after LTx; type of LTx; haemodialysis; preoperative FEV1; postoperative FEV1 at 6 months and 1 year; length of stay in the intensive care unit (ICU); length of hospital stay; in-hospital mortality; and survival.
Statistical analysis
Analyses were performed using the PASW Statistics software (PASW v17.0; SPSS, Inc., Chicago, IL, USA). Categorical data were summarized by frequency and percentage, and continuous variables by mean ± standard deviation or by median with minimum and maximum values. Student's t-test was used for comparison of two means, and the non-parametric Mann-Whitney test for comparison of two medians. Comparisons of percentages were performed using χ 2 test or Fischer's exact test, when appropriate. The survival rate was calculated using a Kaplan-Meier method and to compare survival curves. All factors with P < 0.2 at univariate analysis and any relevant clinical variables were included for the multivariate Cox regression model analysis. Hazard ratios (HRs) were produced with their 95% confidence interval. The time origin for survival analyses was the time the patient was first included on the HEWL. Statistical significance was defined as P < 0.05. Extracorporeal membrane oxygenation use prior to lung transplantation ECMO was used as a bridge to LTx for 32 (31.7%) patients (Table 3) . Twenty-two (75%) patients suffered from cystic fibrosis, 6 (18.6%) from pulmonary fibrosis, 2 (6.2%) from emphysema and 2 (6.2%) from secondary bronchiolitis obliterans. A pump ECMO assistance was used in 31 cases, veno-venous (V-V) in 27 (84.4%) and veno-arterial (V-A) in 4 (12.5%) with systematic limb reperfusion. Among those patients with a V-V ECMO, a bicaval dual lumen cannula (Avalon®) was used in awake non-intubated patients in 6 (18.7%) cases. One (3%) pumpless arterio-venous lung assistance was performed (Novalung®). A cannulation technique, either open or percutaneous, was decided depending on the experience of each centre. The median duration of preoperative ECMO was 72 h (range 6-240). Twenty-eight (87.5%) patients were successfully bridged to transplantation, but 59.4% died in the postoperative period. All 6 awake patients with ECMO were successfully bridged to LTx, but 4 died during the first postoperative year.
Lung transplantation and early outcome
Eighty-one (85.3%) bilateral and 14 (14.7%) single LTx were performed. Thirteen single LTx were performed for lung fibrosis. In one case, because of haemodynamic instability, an attempted bilateral LTx was switched to a single LTx. The median ischaemic time was 360 min (range 190-540). During the LTx procedure, 70 (73.6%) patients required a formal cardiopulmonary bypass (CPB; 48.5%) or a V-V/V-A-ECMO (51.5%). V-V-ECMO implanted as a bridge to LTx transplantation was switched in 11 cases in CPB (39.3%) and in 1 case in a VA-ECMO. The single patient with the pumpless lung assistance died before LTx. Thirty-five (36.8%) patients required ECMO support during the postoperative period. Seven (20%) died under ECMO, but 28 were successfully weaned (80%). The median postoperative ECMO duration was 120 h (range 5-464).
Patients listed versus patients not listed on the regular waiting list prior to the high-emergency waiting list
Forty-nine (48.5%) patients were previously listed on the RWL, whereas 52 (51.5%) were not due to a late referral to the transplant centre (Table 4 ). In the listed group, 19 (38.7%) required MV and among them 9 (18.4%) required an additional ECMO while, in the non-listed group, 30 (57.7%) were bridged to LTx under MV with 17 (33.3%) under additional ECMO. Six (11.7%) patients, not previously listed on the RWL, were bridged to LTx with awake ECMO. Five of them died on the HEWL (83.3%). The in-hospital mortality rate was 28.5% in the listed group and 38.5% in the non-listed group. 
Risk factors of death
Six parameters were tested in the statistical analysis: the underlying lung disease, the listing status prior to the LTx, gender, preoperative MV and ECMO use (Table 6 and Fig. 1 ). The best results were obtained for cystic fibrosis patients, with two-thirds being survivors. Finally, the use of ECMO prior to LTx was the sole significant risk factor of death (HR = 2.77; 95% CI [1.26-6.11]) at multivariable analysis (Table 7) . 
DISCUSSION
Worldwide, lung graft shortage has led several countries to establish various LTx allocation systems [5, 6] . For instance, American authorities set up a lung allocation score (LAS) system in May 2005 [7] . This LAS system allows selecting patients based on a score calculated to reflect the risk of death and expected outcome of each patient. With this score, a patient with emphysema and aged over 50 years has a lower priority than a 20-year-old patient with cystic fibrosis. This new allocation system was also introduced in Germany by Eurotransplant Foundation since December 2011 [8] . Recent American or European studies have tended to show a real benefit with reduced waiting times on the RWL and some survival benefit for specific patients' categories such as cystic fibrosis [9] . In the French system, any patient can be listed on the HEWL as long as they have been listed on the RWL for at least 2 days and if they fulfilled specific criteria. To date, only one French monocentric study and one prospective multicentric study within a 1-year study period have reported the early results of such a strategy [10, 11] . The present study exposes the results of the dedicated French emergency procedure since its creation in July 2007, in seven institutions representing 67% of the national LTx activity in 2011 [1] . The noteworthy results of the present study can be summarized in three points as follows: (i) the HEWL has allowed to decrease substantially death on the regular WL. However, the potential benefit of this emergency procedure was balanced with a higher postoperative mortality.
(ii) The HEWL has offered a fast-track pathway to LTx for those patients referred too late to lung transplant teams, who previously would have died before having any chance to be transplanted. The strategy proved to be efficient as it resulted in LTx in 94% of the cases. (iii) Short-and mid-term survival rates seem acceptable when they are considered from the perspective of critically ill situations where patients are under MV or under ECMO. Since the creation of the HEWL in France, the mortality rate on the RWL fell from 8. . Obviously, this dramatic increase of lung graft availability was the main source of improvement. The new allocation system was likely to have a significant impact on mortality prior to transplantation but not for the anticipated population. Before the creation of the HEWL, patients who were admitted in the ICU for acute respiratory failure and who required MV or ECMO had no chance of access to LTx. A large majority of these patients died without being listed and, consequently, without being incorporated in French authorities' statistics. This represents an important bias considering that national data on this specific population are not available prior to July 2007. The French allocation system allows patients to be listed on the HEWL after being registered on the RWL for at least 2 days. Actually, these patients are at the same time the most severely affected and the least evaluated candidates owing to lack of time. However, this study shows that these patients had similar outcomes as those of patients registered for a longer time on the waiting list. In the majority of the cases, patients were registered on the HEWL after MV/ECMO, based on whether interviews with their family and relatives led to their presumed consent for LTx. This fact raises ethical concerns as the process sustained for patients on the RWL is more complex and includes more substantial information on the benefit/risk ratio of the procedure [12] . In that way, avoiding MV and favouring awake ECMO may partially alleviate those ethical issues [13] [14] [15] .
For many years, thoracic surgeons and pulmonologists were reluctant to perform LTx on patients under MV and even more under ECMO. Many studies and the report of International Society of Heart and Lung Transplantation [16] confirmed that preoperative MV and ECMO were strong risk factors for mortality after LTx. Using an American national database, Singer et al. found that LTx for adult patients who were dependent on MV was associated with a poorer 6-month survival compared with nonventilated adult patients [2] [3] [4] .
When traditional respiratory support is inefficient, ECMO is the next therapeutic intervention. Since the first successful clinical series of lung transplants, reported in 1987 [17] , sporadic cases have been published using ECMO as a bridge to primary or redo lung transplant, with mixed results [18, 19] . ECMO, as a bridge to rehabilitation, supposes that the cause of the worsening can be reversible. It also supposes that side effects and complications of ECMO are not crippling. Side effects of ECMO include haemolysis, bleeding complications, severe infection and renal insufficiency. Nowadays, centrifugal pumps are commonly used to reduce haemolysis, and heparin-coated circuits have led to reduced platelet activation, reduced complement activation, reduced granulocyte activation and greatly reduced heparin requirements. New devices like pumpless extracorporeal lung assist or bi-caval dual lumen cannula have been developed. With these technical improvements combined with the creation of the HEWL, ECMO was revisited [20, 21] . In our experience, 87.5% of patients under assistance were successfully bridged to LTx; however, 59.4% of these patients died intra-or postoperatively. As a result, ECMO implementation as a bridge to transplantation had a 3-fold increased risk of death after LTx. Mason et al. [2] , with a cohort of 51 patients under ECMO before LTx, also demonstrated worse survival rates compared with non-supported patients with 50% of survival at 1 year post-transplantation. These results were confirmed by the French study by Lafarge et al. [22] , which shares part of the material presented herein. The intent-to-treat survival rate with ECMO was 55.4% at 1 year and 50.4% at 2 years, ranging from 21% for pulmonary fibrosis patients to 71% for cystic fibrosis patients. Fischer et al. [23] report a high in-hospital mortality rate for ECMO post-LTx (58%) for all patients. Based on these results, thoracic surgeons and pulmonologists initiated reflection on better patient selection, technical improvement and more suitable strategies. Thus, in the last few years, results of ECMO implementation as a bridge to LTx in awake and non-intubated patients have been published [13] [14] [15] . Recently, Fuehner et al. [24] reported on an 80% 6-month survival rate in awake ECMO patients versus 50% in patients receiving invasive MV. Because of the small number of patients (n = 6), our study was not powered enough to find any advantage nor disadvantage using this new approach. From previous studies, patients listed on the HEWL seem to have worse survival rates after LTx than those who are transplanted on the RWL [1-7, 10-11]. This worse survival relates to the very critical conditions in which patients are transplanted. Indeed, pre-transplant deconditioning has a significant impact on outcomes for all lung transplant patients and is likely a major contributor to increased mortality in critically ill lung transplant recipients. Rehder et al. [25] described a series of patients bridged to LTx with ECMO and report on the beneficial impact of active rehabilitation and ambulation during pre-transplant ECMO with 100% one-year survival.
To conclude, despite several limitations, this study is the first attempt to evaluate the French dedicated emergency allocation process among seven institutions which represented two-thirds of the overall national LTx activity. The new organ-sharing procedure aimed at lowering mortality on the RWL, but this goal was primarily reached for new patients with end-stage respiratory failure referred very late. The HEWL increased the likelihood of perioperative mortality after LTx, but permitted acceptable mid-term survival rates. The high mortality associated with the use of ECMO should be interpreted cautiously in the context of the most critical conditions in which it was used. Finally, the HEWL disclosed a new public health need for those patients referred very late which has not been addressed so far. The related high mortality and the concern to avoid any graft wastage emphasize the need to increase the pool of donors. In this regard, it should be reminded that lung harvesting in non-heart-beating donors is not permitted by French regulations to date.
Conflict of interest: none declared. In actual fact, this mirrors in many ways the recent experience in the US. Prior to 2005 in the United States, waiting list priority for potential transplant recipients was determined entirely by time on the waiting list, and that favoured the emphysema patients, who will survive forever if they just use their oxygen, but it disadvantages the CF patients and the patients with idiopathic pulmonary fibrosis, who have a much higher waiting time mortality. It also resulted in a large number of patients being listed. The stimulus for the programmes was to list as many patients as possible, even listing patients who didn't necessarily need a transplant at that current time.
Since 2005, we have had an allocation system that is calculated based on the likelihood of death on the waiting list, the likelihood of survival following transplant, and I don't think that factor, survival following transplant, is considered in your current algorithm. In other words, there are patients who can become so sick prior to transplant that their score actually falls. The goal is to make a more efficient use of available donor lungs. But since we adopted that allocation score in 2005, it has completely changed the patients that we transplant. We now transplant patients who are much sicker, much higher acuity patients. It has increased the number of transplants because it makes transplant allocation much more efficient. In other words, the organ procurement teams don't have to consider so many potential recipients because there are only high-risk patients at the top of the list.
In summary, it has been a very good system, and it has accomplished all of those positive goals without a significant increase in mortality. In our own experience, our perioperative mortality rate went from 5% to 6%, and nationally it is well under 10%, but your mortality rate in France with this system is much higher than that in this experience. And it seems to me that there might be two possible causes for this unacceptably high mortality rate, and I think it is something you want to think about and try and correct.
So I would like to ask you whether you think this high mortality rate is a result of the transplant team's inexperience with complicated cases or is it a problem of poor recipient selection? And this brings to mind your ECMO experience, and I applaud your efforts to transplant patients using ECMO and other means of support, but those ECMO patients had a very high mortality rate. So I would appreciate your comments on those two potential causes of this excessive mortality rate.
Dr Orsini: First, in France we have no lung allocation score. It is not like in the USA. The recipient and the donor choice is made by the team. About the high mortality rate of our study, that is true, a 34.5% in-hospital mortality rate is very high. In fact, there are maybe two causes. The first one is the inexperience. In our study, for a centre we have only nine patients on the high emergency waiting list, and I think that can explain this high mortality rate, the inexperience of the team.
And the second cause that is true is poor recipient selection with patients under ECMO, and that is a very interesting thing. But without the high emergency waiting list and without ECMO prior to lung transplantation, this category of patient died before creation of this list. So I think, yes, we have a high mortality rate, but we can offer access to lung transplantation for these new patients which will give a chance for survival after lung transplantation.
In your series I saw a lot of studies about ECMO prior to lung transplantation in the USA, and you have identified ECMO prior to lung transplantation as a potential risk factor for mortality like us, but we have to propose something for this category of patients.
Dr M. Nosotti (Milano, Italy): Tomorrow afternoon in the oral session I have a presentation on the same item, especially on the ECMO. Could I have your comment on this particular situation?
Dr Orsini: In our study, we had six patients without intubation under ECMO. All the ECMO were performed with the mono cannula, the Avalon cannula, and you saw in my presentation from the Marseille team that we performed our first case in January, so the patient is excluded from our study, by a venovenous femoro-femoral approach without intubation. This new approach of ECMO is very interesting, because you can keep a social relation with the patient and you provide overall inflammatory response. So I think it will be a good way to study ECMO without intubation prior to lung transplantation. In our study, all the patients under ECMO without intubation were successfully bridged, 100%, six out of the six, but in the postoperative period, 66% of the patients died after lung transplantation. Thus, it is an efficient procedure to bridge patients.
Dr D. Van Raemdonck (Leuven, Belgium): Can you tell us a little bit more about the system in France, how patients are accepted on the high emergency waiting list? Are the data reviewed by a committee? Is there an audit? How many auditors are there and how is the decision made to put a patient on the high emergency waiting list?
Dr Orsini: To be listed on the high emergency waiting list, the patient, as you can see from my presentation, had to fulfill some criteria, and after fulfilling these criteria, the request is sent to a college of experts, two French experts. They analyse the request and they give consent or not to be listed on the high emergency waiting list. When we have a patient under ECMO or under mechanical ventilation, the patient is placed automatically on the high emergency waiting list. Patients must have only lung failure and no multiorgan failure.
